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ABSTRACT
Freely growing laboratory populations of Prairie deer- 
mice limit their growth in the presence of excess food and 
water. The most common mechanism by which growth is halted 
is cessation of reproduction. Evidence suggests that the 
social organization among the animals in a population is in­
volved in the regulation of population numbers.
In this study, asymptotic populations were bridged to­
gether in pairs in an attempt to disturb the social structure 
within the populations and thus remove their reproductive 
inhibition.* A control population was bridged to an empty 
pen.
A definite change in social order took place in the 
experimental populations as a result of bridging< No change 
occurred in the control. A change in the reproductive char­
acteristics also occurred in the experimental populations, 
as reflected by an increase in the proportion of males with 
scrotal testes and females with open vaginas. However, there 
was no renewal of growth. The control population exhibited 
no increase in the number of males with scrotal testes or 
females with open vaginas.
viii
SOCIAL AND REPRODUCTIVE CONSEQUENCES 
OF BRIDGING ASYMPTOTIC LABORATORY 
POPULATIONS OF PRAIRIE DEERMICE
INTRODUCTION
Freely growing laboratory populations of Prairie deer- 
mice, Peromyscus maniculatus bairdii, limit their growth in 
the presence of excess food and water, and populations main­
tained under identical conditions stop growing, or reach 
asymptote, at different densities (Terman, 1965, 1968, 1969, 
1972, 1973; 1974a, 1976; Olson, 1974). The mechanisms by 
which population growth is halted are failure of young to 
survive or cessation of reproduction, the latter being more 
common (Terman, 1965, 1974a; Lidicker, 1965). Terman (1969, 
1972) has found the weights of reproductive organs of deer- 
mice maintained in a population context to be significantly 
smaller than those of controls kept as bisexual pairs, and 
that less than 10% of the females born into populations re­
produced. Reproductive inhibition is not permanent, and 
animals can recover reproductive function when removed from 
the population (Terman, 1973, 1976).
In addition to having external regulators such as pre­
dation, food shortage, and disease, there is a large body 
of evidence suggesting that natural rodent populations are 
also internally regulated (Kalela, 1957; Curry-Lindahl, 1962 
Christian & Davis, 1964; Sadlier, 1965; Lidicker, 1966; 
Chitty, 1970; Christian, 1970a&b; Bujalska & Gliwicz, 1972;
3Bujalska, 1975). Behavioral factors have frequently been 
implicated in population regulation, perhaps most notably 
by Wynne-Edwards (1966), but also by a great number of other 
population theorists and investigators (Christian, 1961; 
Christian & Davis, 1964? Krebs, 1970; Chitty, 1970; 
Flowerdew, 1974). Evidence suggests that the behavior of 
individuals within populations is directly involved in the 
regulation of population numbers, and that differences in 
social organization among individual populations may result 
in asymptote being reached at different densities. At low 
population densities these social factors may not be apparent 
to human observers, but they become more amenable to study 
in high density situations (Christian & Davis, 1964). A 
major effect of the increased interactions in a high density 
situation is a rise in the emigration rate (Sadlier, 1965; 
Chitty, 1970). Krebs, et al. (1976) have shown that emigra­
tion rates are higher in voles when the population is in­
creasing. Where emigration is restricted, a decrease in 
reproduction has been shown to operate in regulating numbers, 
particularly in studies of island populations done by Bujalska 
(1975; Bujalska & Gliwicz, 1972) and Lidicker (1966, 1973).
The mechanism or mechanisms by which reproductive regu­
lation takes place are at this point unclear, although 
Christian (1963, 1971a&b; Christian, et al., 1964, 1965) 
has hypothesized, and found much evidence for, a pituitary- 
adrenal-gonadal endocrine feed-back response to the crowd­
ing and increased aggression resulting from increasing
4population densities, which may produce reproductive inhi­
bition. Christian refers to this increase in interactions 
due to crowding as increasing "social pressure1, which may 
be defined as the sum total of negative interactions among 
individuals within a population.
It has been suggested that isolated populations are 
more than mere aggregates of individuals, that they are 
entities in and of themselves, and as such posses indivi­
dual characteristics and give individual responses (Terman, 
1973, 1974a, 1976). It seems reasonable that the social 
organization which develops among the members of a given 
population would be different enough from that developed 
in another population to give each group a certain degree 
of uniqueness. Thus the numerical levels at which asymp­
tote is attained may be due to an indirect density response, 
mediated through social pressure within the population.
The variation in density at the time asymptote is reached 
could be the result of differences in response to the same 
amount of social pressure, of differences in amount of soc­
ial pressure at a given density, or a combination of both 
factors. In this manner different densities could have the 
same effect on different populations. Thus by changing 
the social structure of a population, one could theoreti­
cally alter the asymptotic numerical level. Petrusewicz 
(1958, 19€3a&b, 1966; Petrusewicz & Przemyslaw, 1963) 
carried out studies along this line with house mice and 
found that when asymptotic laboratory populations were
5moved to new enclosures, either smaller than, larger than, 
or the same size as the enclosures in which they had been 
raised, or when virgin females were added for short periods 
to asymptotic populations, a large proportion of the popu­
lations began to grow again. This growth was attributed 
to a change in the "ecological structure" of the populations.
In the present study, I first determined the social 
structure of asymptotic laboratory populations of Prairie 
deermice, Peromyscus maniculatus bairdii, and then allowed 
movement between pairs of such populations via bridges con­
structed between enclosures. The resulting intermingling 
of populations was expected to cause: (1) a change in
social organization, thus (2) altering social pressure, and 
(3) possibly changing the reproductive status of animals 
in the populations. In the laboratory context, environmen­
tal factors are more readily controlled, and social inter­
actions are more readily observed. The experiment was 
designed so that a change in social structure could be 
effected with little accompanying change in absolute densi­
ty, thus minimizing the confounding factor of density in 
this study of population regulation.
PROCEDURES
Five populations of Priarie deermice, P. m. bairdii, 
were used in this study. Each population had been founded 
with four males and four females, unrelated to each other,
which had been born into a laboratory colony where sib-
mating was not permitted. Animals were individually iden­
tified by toe clipping. Each group of four pairs was 
placed in an enclosure and allowed to reproduce freely. 
Excess food, water, and harborage were available in all en­
closures, and wood shavings were provided as bedding. The 
rooms in which the enclosures were maintained were on dif­
fering artificial light schedules of 11:45 hours bright 
light (four 40-watt fluorescent light bulbs)and 11:45 hours
dim light (four 15-watt incandescent light bulbs), with 15 
minute periods of total darkness between the bright period
and the dim period. Temperature was kept at 21+5°C. In 
alternate weeks all animals in each population were captur­
ed and a record was made of their location and reproductive
condition, and of births and deaths. Males were recorded 
as TS (testes scrotal) or TNS (testes non-scrotal), and 
females were recorded as P (pregnant), perf (perforate 
vagina), imp (imperforate vagina), or lac (lactating).
6
7Animals which were TS, P, perf, or lac were considered 
reproductively mature, and consistently TNS or imp animals 
were considered immature.
Shortly before observations were to begin on the pop­
ulations, each animal was fitted with a collar of glass 
beads, color-coded so as to permit individual recognition 
by the observer at a distance. The populations were moved 
from the rooms where they were originally located to dif­
ferent rooms, so that there were two populations in one 
room and three in another. They were enclosed in circular 
pens, with 20 square feet of floor space each, made of cor­
rugated aluminum walls and stainless steel bottoms. Fresh 
wood shavings were used as bedding, food and water were 
placed in a feeding station at the center of each pen, and 
eight plastic nest boxes were arranged in a circle around 
the feeding station, half-way between the feeding station 
and the walls of the pen (Figure 1). Temperature was again 
maintained at 21°C, but varied briefly, getting as low as 
12°C and as high as 28°C on separate occasions, due to 
failure of the temperature control system. The alternate­
weekly population checks were continued. The light sched­
ule used was as follows: 24:00- - 12s00 —  bright light,
12:00 - 12:15 —  total darkness, 12:15 - 24:00 —  dim light.
When 105 days had elapsed in a population since the 
birth of the last surviving litter., that population was 
regarded as having reached asymptote. This time period 
was selected on the basis of the number of days elapsing
8Figure 1. Diagram of population enclosure.
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from the birth of a deermouse to the attainment of 1.0 days 
of age of its first litter (Terman, 19 65). Varying amounts 
of time passed between population founding and attainment 
of asymptote, and varying densities existed among the pop­
ulations (Table 1).
Observations were begun on the populations when asymp­
tote was reached or when a decline in reproduction indica­
ted that asymptote was near. The observation periods 
consisted of h hour per day per population, five or six 
days each week. As P. m. bairdii is nocturnal, observations 
were conducted during the dim light phase of the light cycle. 
At first, observation periods were scattered throughout the 
12 hour dim phase, but it was found that the animals were 
most active during the first hour after the dim phase began 
(Table 2). Therefore the observations were conducted as 
close to this period as possible, and were rotated so that 
every six days each population was observed for the 30 min­
ute period immediately after the dim light phase began.
Observation was conducted so as to create as little 
disturbance as possible within the populations. A blind 
hid all but the observer's face from the mice. At the 
beginning and end of each observation period, location of 
huddles and identity of visible individuals within huddles 
were recorded. Frequently it was not possible to identify 
all of the animals in a large huddle because collars were 
obscured. Throughout the observation period, acts of indi­
viduals were noted, and location, time, animals involved,
11
Table 1. General information on populations 
used in the study
Population
Pen, room
Founding date
Date observation 
began
Date last surviving 
litter born
Date asymptote
criterion reached
Population size 
at asymptote
Hours observed 
before bridging
Bridge date
Bridged to
Population size 
at bridging
Dominant before 
bridging
Dominant after 
bridging
Population density 
before bridging
Population density 
after bridging
Hours observed 
after bridging
Kill dates
El 
13 r 14 
3/29/72 
7/1/74
E2
14,14
3/15/73
7/15/74
7/3/74 11/16/73
10/16/74 2/24/74
27
67.0
21
61.0
1/7/75 
E2 El
27 14
L2 Rll
L25
E3 E4 Cl
1,16 4,16 2,16
12/14/73 3/15/73 12/13/72
8/12/74 8/12/74 8/12/74
5/2/74 7/29/74 8/3/74
8/15/74 11/12/74 11/15/74
33
69.5
29
70.0
63
84.0
3/3/75 4/26/75
E4 E3 empty pen
30 27 54
L24 R21
L2
1.35/ft2 0.70/ft2 1.50/ft2 1.35/ft2 2.70/ft2
1.025/ft2
35.0
3/27/75-3/31/75
1.425/ft'1
25.5
1.35/ft2
14.0
5/13/75-5/15/75 6/26/75-
6/27/75
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Table 2% Rates of interaction during different portions
of dim light phase
Population El E2 E3 E4 Cl
Interactions
initiated/
animal/hour
during 1st 0,727 0.606 0.392 0.985 0.388
hour of dim
light phase
(16 observations)
Interactions
initiated/
animal/hour
during last 0.158 0.129 0.076 0.200 0.098
10.75 hours 
of dim light 
phase
(15 observations)
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and type of behavior were recorded. Types of behavior 
were categorized and coded as shown in Table 3.
After sufficient data had been collected to determine 
the social organization within two populations in the same 
room (Table 1), holes were cut in the sides of the two pens 
and a wooden tunnel placed between them. This tunnel was 
left in place for three to seven days with its entrance 
blocked to allow the animals to become accustomed to it. 
After this time, at the beginning of the dim light phase, 
the tunnel entrances were opened and the two populations 
were said to be "bridged". During the first day of bridg­
ing, two observers were present and observations were con­
ducted in 60 - 90 minute blocks with short breaks in between 
for the entire dim light phase. After the first day, obser­
vation was reduced to the normal 30 minutes per day. During 
the first month after bridging, population checks of indi­
vidual location were made twice a week, and checks of indi­
vidual reproductive condition once a week. After this 
period, the normal alternate-weekly population check was 
resumed. This procedure was carried out on four populations, 
involving two bridged situations. In addition, a control 
population was bridged to an empty pen containing food, 
water, and nest boxes. The populations were observed for 
60 days after bridging, following which the animals were 
sacrificed and autopsied. The length of time was chosen 
on the basis of experiments by Terman (1973, 1976) which
14
Table 3: Peromyscus maniculatus bairdii catalog of behavior measurements
(S) Submission
1. Supine
2. Avoidance - response without known specifically directed
stimulus
3. Retreat - response to directed behavior patterns
a. wild run
b. not wildly
4 . Ignore, do nothing, pay no attention
5. Defense stance
6. Return fight or fight back
(I) Investigation - initiating animal first (record ( ), ( ) )
1. Investigation of environment other than other animals
2. Nasal - nasal
3. Nasal - anal - not followed by (X) - sex behaviors
4 . Grooming - response of groomed animal recorded
(A) Aggression
1. Upright threat (bluff attack) - body upright
2. Down threat (more aggressive threat) - animal remains on all
fours - incisors bared - may dart head at opponent
3. Rush and chase
4 . Modified fight - rush and attack - physical contact followed
by immediate separation
5. Locked fight - animals fight while rolling around 
(X) Sexual behavior
1. Investigate and smell opposite sex - genitals
2. Chase - nose to rump of female
3. Attempts to mount
4 . Ejaculation and drop off - typically followed by cleaning
genitals 
(H) Food Hoarding
Initiating mouse:
1. Took food from feeder
2. Took food from location other than feeder
3. Took food from other mouse - at feeder
4 . Took food from other mouse - after chase
5. Failed to get food from other mouse - at feeder
6. Failed to get food from other mouse - after chase 
Result:
a. Food left at hoard
b. food eaten at hoard
c. Food left elsewhere
d. Food eaten elsewhere 
(M) Miscellaneous
1. Stereotyped behavior - wild running and jumping - circling and
looping - no apparent attack as cause
2. Sitting on water bottle
3. Maternal behavior - retrieving or carrying young
15
showed that 65% or more of reproductively inhibited animals 
removed from asymptotic populations and paired with proven 
mates produced young within 60 days.
RESULTS
For the purposes of behavior analysis, a compilation 
was made of all interactions in which each animal partici­
pated, noting whether that individual initiated the exchange 
or reacted to another animal, and whether its behavior was 
investigative, aggressive, or submissive. Observed sexual 
activity was limited to one occasion in one population, and 
involved one female and two males. Therefore this type of 
interaction was eliminated from consideration. Only inter­
actions between two or more animals were used in the final 
behavior analysis.
Summaries of the behaviors of all animals within each 
population were made, and an average interactions/animal/ 
hour was calculated for each population (Table 4).
Analysis revealed differences in the behavior patterns 
of individual mice. Many animals spent most of their time 
inside nest boxes or in large aggregates, or huddles, with 
other mice, showing little activity and even less ddscern- 
able social interaction, as reported in previous populations 
by Terman (1974a). Thus the average rate of interaction 
was generally low for the populations (Table 4). Other ani­
mals showed equally little social activity, but rather than 
sitting in huddles, were almost constantly engaged in seem-
16
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Table 4. Rates of interaction before bridging 
(interactions/animal/hour, n = number of animals)
Population El E2 E3 E4 Cl
Male initiated 
interactions 
(X+SE)
0.363+
0.1412
(n=l5)
0.383+
0.1411
(n=ll)
0.249+
0.0752
(n=18)
0.513+
0.0971
(n=17)
0.224+ 
0.0559 
(n~33)
Male responded 
interactions 
(X+SE)
0.388+
0.0669
(n=15)
0.297+
0.0753
(n=ll)
0.168+ 
0.0304 
(n=18)
0.423+
0.0607
(n=17)
0.177+
0.0294
(n=33)
I/R ratio for 
males 
(X+SE)
0.936+
0.1711
(n=15)
1.370+
0.2034
(n=ll)
1.481+
0.2153
(n=18)
1.212+
0.1522
(n=17)
1.271+
0.1353
(n=33)
Female initiated 
interactions 
(X+SE)
0.313+
0.1951
(n=12)
0.161+
0.0272
(n=10)
0.104+
0.0248
(n=15)
0.374+
0.0821
(n=12)
0.151+
0.0234
(n=30)
Female responded 
interactions 
(X+SE)
0.296+
0.0893
(n=12)
0.307+
0.0810
(n=10)
0.183+
0.1543
(n=15)
0.524+
0.1080
(n=12)
0.193+
0.0319
(n=30)
I/R ratio for 
females 
(X+SE)
1.063+
0.1952
(n=12)
0.524+
0.1730
(n=10)
0.568+
0.4031
(n=15)
0.714+
0.1572
(n=12)
0.782+
0.0898
(n=30)
Total initiated 
interactions 
(X+SE)
0.341+
0.0927
(n=27)
0.276+
0.0978
(n=21)
0.183+
0.0429
(n=33)
0.456+
0.0675
(n=29)
0.188+
0.0305
(n-63)
Total responded 
interactions 
(X+SE)
0.349+
0.0554
(n=27)
0.287+
0.0552
(n=21)
0.176+
0.0239
(n=33)
0.464+
0.0571
(n=29)
0.192+
0.0213
(n=63)
I/R ratio for 
both sexes 
(X+SE)
0.977+
0.1301
(n=27)
0.962+
0.1343
(n=21)
1.042+
0.2090
(n=33)
0.983+
0.1151
(n=29)
0.979+
0.0826
(n=63)
18
ingly random activity (Ml), with running in circles around 
the pen or jumping into the side of the pen being most com­
mon. A minority of the mice initiated most of the interac­
tions which took place. These animals showed relatively 
little submissive behavior and generally initiated most of 
the aggression which occurred. The one animal in each pop­
ulation which exhibited the highest ratio of aggressive to 
submissive behaviors (A/S ratio) was considered the domi­
nant in that population (Tables 1 & 5). The A/S ratios of 
the individual dominants were much greater than their pop­
ulation 1s average.
It was not possible to further distinguish a clear 
hierarchy in these populations, due mainly to the low over­
all activity levels. However, individual mice could be 
categorized into general groups (Table 6), as follows:
Group A, consisting of the one dominant animal in each pop­
ulation; Group B, containing other mice which were high- 
ranking but subordinate to the dominant (these initiated 
many interactions and exhibited some aggression, but less 
than the dominant); Group C, made up of animals which were 
active, but not high-ranking (these participated in social 
interactions but showed,no aggression); Group D, containing 
inactive animals having fewer than six interactions during 
the entire observation time; and Group E, which emerged 
only after bridging in the experimental populations, and 
consisted of mice which were frequently attacked by others.
19
Vl ©
o  tr>
u  -a
0
•H
p
«d
p
CO
\<
m
id
e
•H
G
id
p
G
id
G
•H 01
£ rH
C id
*0 £
•rl
O G
P id
'd IH
a) 0u
id p
04 o
6 xo
o g
o 9
G
01
0 II
•H
P G
id —1
p
CO
\
<
o
O'
id
P
ai
>
<
to
<D 
H  
A  
id  
E i
r-4 in
O  II 
c  <u
O '
< u  >1 •h nj 
p  *a  
XI
r-4 VD
U  U
c
Vt <u 
ti) O'
•M U  >1
r-, 1»-) -H 'J
■vr r- to Vi 'O W m xi i i
c i  c  ©
W  —  tn
'O  > t  
•h  cd 
Vi 'O 
X)
on
*J* CM
W  II
cl co 
w  II 
C
Vi o
0) O '
P  Ol > ,
*“» M-4 -H O
N  rl rj 5-i -aW *0- X5
i
w 4)
O '
•a  > i
■rl dVl dj
X I
cm r i
W  II
n
r* 
«-4 in
M  II 
G
r.o
•H
P
«J
iH
3
Q«
O
DU
r» rl
o rM CO r-l
Id >o VO ,C1
O •rlo •-P + |rM
o o o o
• • • •
cn O —?
o VO 4 Ul iM n
r-l r 4 ,o i'i ,.-4
»—1 + |o to -f Icm Cl • V.l"P
o o o o rl O■* e *. * *
VO rd *cr
r> oo CO in *•? i/i
CO CO . .i-i ii"
vo +  lo CO ■F |iH r ' •>1 CM
o o o O r- o
r* O CM
r- vO H r-4 10
m CM to i0' U)o + lo V -Flo r-l |cN
o o o O rH O
' • * * 6 *
o f—4 co
■vp o m i-4 a r-l
O' 1° VO ■ in r> i03VP + K' rl ■F l«-l o 11~4
CM i-4 m i—4 Cl
4 *
00 r-4 INm CO CM i-l in •v?in .r* cn • m o
r~i + lo in -F co u> -Vi CMo O CM . o o o
Cl CM o
10 O O' CM ll
CM O i m VO , co
C'l -1- ! rl r-i +  M o -jo o ■ rH O >M o
CO CM CO
<M i-l r~ O .H
r~ o ,CI * vO .com + 11—4 CO + |C4 <N pf ■|co
o O o O ro i—4
• • • * * *
CO r- Cl
o iH o r-i «»3* r-4
o ,1^ U~l .in V , co
VO + |m ■vP + 5 <7 •4- O
p^ CM in r-i <0 CO
* *
CM CM r~
00 CM Cl CM r- CM
CM , CM CO ,VD o ,'jl
O -Flo ro + 1 co r-i + |o
o O •~t o O o
*
‘
•
o i-4 CM
VO O in o f'
VO ,IM a <N ,o
o •Flo o + V ro 1 CM
o O CM O O o
I  \
cn m
<u Vln o
O ' H  Vl
tr> > 3
d  d  O
x: x:© o \ —»
O f l  H  M  
o m toVl O ti + |
-> -—I I 
• M G ' -  
V) (Q
I  V .tn to 
•P  H
B O
Si -rl 3 > 
in . j
<u
J) 01 N ^  
O' S') — I M  
iU <<3 C/I Vi e> f. , -v I
©  >  -i-M * :> —i G ^
i<  «  HI
CO 
O to
: M*
r-4
8
CM
in
CM
|4
H
S3
p
c; *h
i.i ra
e  F
•H »H 
F C 
id
C~
VO
VO
VO
VJr-4
o
.-4
o
61 <54 '-s.> U1
P  -.-4 V|
H W oid to -h
o  *
ir>
. 4
H
O
O
VO
CM
r-4
v?
cn
r - l
to © - > Cl
•H VlF t:
8 * g
rl Vi
S'- 3
O' 01 O
© xi x:
-I VI
e n o
nj w -H
C  -r4 >•h n © p r. xi x: -i
o  rJ ai cl
a to XI P
vt>
m
in
in
CM
r-i
to- o
p r4
t: p
<a «J
u u 
.,1
n  to
20
Table 6: Social rank of individuals within populations
a: population El
Animal Number Sex Rank Before
LI F C
L2 M A
L3 founder M B
L4 M C
L5 founder M D
L6 founder F C
IH Founder F B
L8 founder F D
L9 F C
L10 M C
Lll F C
LI 2 M D
LI 3 M C
LI 4 M D
LI 5 M D
LI 6 M B
LI 7 M C
L18 M C
L20 F D
L21 F D
L22 F D
L23 M C
L24 M B
L25 M C
L26 F C
L28 F C
L33 F C
Rank After Bridging
C
C
C
C
D
C
B
C
C
B
B
D
C
D
D
B
B
D
C
C
C
C
C
A
B
C
C
Key to Ranking:
A - dominant animal 
B = high ranking animal
C = active, but not particularly high ranking 
D — inactive animal 
E = frequently attacked animal
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Table 6: (continued)
b: population E2
limal Number Sex Rank Before Bridging Rank After ]
Rl founder F C —
R2 F C C
R3 founder F c C
R4 M G -
R5 M C D
R6 F C -
R7 founder M C E
R8 F C C
R9 F C C
RIO founder F D C
Rll M A D
R12 M B E
R13 M B E
R14 M C C
R15 F C -
R17 M D -
R18 F C D
R19 M D C
R20 founder F C -
R21 M D D
R23 M C -
Key to Rankings
A = dominant animal 
B = high ranking animal
C = active, but not particularly high ranking 
D = inactive animal 
E = frequently attacked animal
22
Table 6: (continued)
c: population E3
limal Number Sex Rank Before Bridging Rank After ]
LI M C C
L2 M B A
L3 M D C
L4 M B B
L5 F C -
L6 M C C
L7 founder M B c
L8 M D c
L9 M D c
L10 F D c
LI 2 M D -
L13 F C c
L14 F C c
L15 founder F C c
L16 M B B
L18 F C C
L19 founder F C C
L20 F c D
L21 M B B
L22 M D -
L23 F C D
L24 M A B
L25 M B C
L26 M B C
L27 founder M B C
L28 F C C
L29 F C D
L30 F C C
L31 M C C
L32 F D C
L33 F C C
L34 F C C
L35 M D D
Key to Ranking:
A — dominant animal C = active, but not particularly high ranking
B = high ranking animal D = inactive animal E = frequently attacked
23
Table 6: (continued)
d : population E4
limal Number Sex Rank Before Bridging Rank After B
Rl M C C
R2 founder F C C
R3 M C C
R4 M C E
R5 F C C
R6 M C C
R7 M C C
R8 F C C
R9 M C C
RIO M C D
Rll M D D
R12 M C C
R13 M B E
R14 M C C
R15 M C D
R16 F D -
R17 founder F C C
R18 F C c
R19 F c G
R20 F C C
R21 M A C
R22 F C D
R24 F C C
R25 F c D
R26 F D -
R27 M C D
R28 M C C
R29 F C D
R31 M B D
R32 M D E
Key to Hanking:
A = dominant animal 
B - high ranking animal
C ~ active, but not particularly high ranking 
D = inactive animal 
E = frequently attacked animal
24
Rank
Table 6: (continued)
e: population Cl
Rank Rank
der
Rank
Animal Sex Before After Animal Sex Before Af t<
Number
1 M
Bridging
D
Bridging Number
35 M
Bridging
C
Brid<
C
2 F C D 36 M D D
3 M A A 37 foun­ M B B
4 M C C 38 der M C -
5 M D D 39 M C C
6 F C C 40 F C c
7 M D D 41 M B c
8 F C C 42 F C c
9 F C C 43 F C D
10 M C - 45 M D -
12 M C c 46 F C c
13 M C c 47 M B B
14 M C c 48 F C C
15 foun- M E E 50 M C D
16 der F C C 51 M C D
17 F D c 52 F C C
18 M B B 55 F C C
19 F C D 57 F C -
20 F C C 59 M D C
21 foun- M D - 60 F C c
22 der F C c 61 M D D
23 foun- F C D 63 F D D
24 der F D - 64 M D -
26 F C C 65 M D D
27 F D D 66 M C D
28 F C C 67 F C D
29 foun- F D - 68 F C C
30 der M C c 69 F D D
31 foun- M C c 70 M C C
32 der M C c 72 M C D
33 F C c 73 F D D
34 foun- F C D
Key to Ranking
A = dominant animal 
B = high ranking animal
C = active, but not particularly high ranking 
D = inactive animal 
E = frequently attacked animal
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All groups except Group A contained animals which were ori­
ginal members (or founders) of the populations (Table 6).
As an interesting sidelight, it was noted that the 
majority of male-female interactions were initiated by male 
animals, and that males were more active than females.
Table 4 gives an I/R (initiating/responding) ratio of inter­
actions for each population by sex. Except in population 
El, this ratio is 1h to 2% times greater for males than for 
females, but the differences are not statistically signifi­
cant by the Mann-Whitney U test (Friedman, 1972) (for El, 
T=151, ^=12, n2=15, p<.2? for E2, T=102, n^=10, n2 =ll r P
>.2? for E3, T=220, n^=15, ^=18, p<.2; for E4, T=147,
n^=12, n2=17, p<.2; for Cl, T=901, ^=30, ^=33, p<.4).
To further explore the sexual differences in behavior,
Table 7 lists these I/R values calculated on the basis of 
encounters between members of the opposite sex and between 
members of the same sex. On an average, males had an I/R 
ratio for male-female encounters three times greater than 
that of females. In population E2, the males showed signi­
ficantly more initiating behaviors at p<.05 (T=81, n^=10, 
n2 =:ll). Population E3 males exhibited significantly (p<.05, 
T=191, n^-lS, n2=18) more initiating behaviors also, and in 
E4 and Cl the difference was significant at pc.Ol (T=105, 
n^=12, n2=17 for E4; T=771, n^=30, ^ = 3 3  for Cl). Again,
El is an exception to the generalization, having no signi­
ficant difference between male and female initiation of 
encounters according to the Mann-Whitney U test (T=142,
26
Table 7. Sexual differences in social encounters 
(interactions/animal/hour, n = number of animals)
Population El E2 E3 E4 Cl
Male initiated 
male-female 
interactions 
(X+SE)
0.158+
0.0509
(n=15)
0.195+
0.0842
(n=ll)
0.145+ 
0.0400 
(n=18)
0.394+
0.0777
(n=17)
0.131+ 
0.010*4 
(n=33)
Male responded 
male-female 
interactions 
(X+SE)
0.172+
0.0544
(n=15)
0.089+
0.0285
(n=ll)
0.065+
0.0115
(n=18)
0.247+
0.0308
(n-17)
0.077+
0,0292
(n=33)
I/R ratio for 
males 
(X+SE)
0.919+
0.2722
(n=15)
2.191+
0.4790
(n=ll)
2.222+
0.4878
(n=18)
1.589+
0.2902
(n=17)
1.711+
0.2142
(n=33)
Male-male
interactions
(X+SE)
0.205+
0.0507
(n=15)
0.189+
0.0833
(n=ll)
0.131+
0.0348
(n=18)
0.260+
0.0530
(n=17)
0.119+
0.0296
(n=33)
Female initiated 
male-female 
interactions 
(X+SE)
0.172+
0.0454
(n=12)
0.089+
0.0275
(n=10)
0.065+
0.0106
(n=15)
0.247+
0.0687
(n=12)
0.077+
0.0116
(n=30)
Female responded 
male-female 
interactions 
(X+SE)
0.158+
0.0482
(n=12)
0.195+
0.0641
(n=10)
0.145+
0.0340
(n=15)
0.394+
0.0777
(n=12)
0.131+
0.0190
(n=30)
I/R ratio for 
females 
(X+SE)
1.090+
0.2482
(n=12)
0.456+
0.1621
(n=10)
0.450+
0.0600
.(n=15)
0.627+
0.1444
(n=12)
0.585+
0.0972
(n=30)
Female-female
interactions
(X+SE)
0.079+
0.0423
(n=12)
0.061+
0.0127
(n=10)
0.033+
0.0056
(n=15)
0.146+
0.0285
<n=12)
0.168+
0.0409
(n=30)
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n^=12, 112=15, p>.2). Generally, animals tended to initiate 
more interactions with members of the opposite sex than 
with members of the same sex. Males in El initiated more 
interactions with other males than with females, but the 
opposite occurred in E2, E3, E4, and Cl. Females in El, E2, 
E3, and E4 initiated more interactions with males than with 
other females, but Cl females initiated more interactions 
with other females. None of these differences are statis­
tically significant (p>.2 for all comparisons).
Differences between individual populations, as wTell as 
variations among individual animals were observed. As shown 
in Table 1, the five populations in this study reached widely 
different population densities before asymptote was reached, 
with Cl having almost twice as many animals as E3, the next 
largest. Tables 4 & 5 reveal differences in the rates of 
interaction and aggression between populations. Also, the 
percentage of reproductively mature animals varied greatly 
between populations. Generally, there was a significantly 
greater percentage of TS males than perf females, except 
in El (Table 8), and few .mature animals of either sex, but 
proportions of TS males varied greatly between populations, 
with the differences between Cl and E3, Cl and E4, El and 
E2, El and E3, El and E4, E2 and E4, and E3 and E4 being 
significant at at least p<.05 (Table 9). Note, however, 
that there were no differences significant at p<.05 between 
populations in the percentage of perf females, although p 
<.1 for the comparisons between Cl and E4, El and E4, and
28
Table 8: Comparison of percent mature (with open vagina)
females with percent 
males
mature (with scrotal 
before bridging
testes)
Population El E2 E3 E4 Cl
% mature males 13.3 25.0 36.8 75.0 23.1
% mature females 8.3 11.1 7.7 16.7 7.1
X2 0.85 5.74 19.90 64.00 8.82
df 1 1 1 1 1
P <.5 <.025 <.005 <. 005 <.005
29
Table 9. Comparison of percent mature (with 
scrotal testes) males between 
populations before bridging 
(df=l for all comparisons)
Comparisons (X2) 
Population % mature males Cl El E2 E3
Cl 23.1 2.75 0.02 4.00
p<.01 P<-9 p<.05
El 13.3 3.94 14.20
p C 0 5  p<. 005
E2 25.0 2.83
p<.l
E3 36.8
E4
E4
52.11 
p<.005
75.44 
p<.005
48.00 
p<.005
27.80 
p<.005
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E3 and E4 (Table 10) .
Bridging resulted in a marked change in the behavior 
patterns of the experimental populations. Figure 2 shows 
a large increase in the rate of interaction on the day of 
bridging. The p value for this increase is .067 by the 
Kruskal-Wallis test (Friedman, 1972) , and is the smallest 
p value available for this sample size. The increase con­
sisted mainly of an increase in aggressive behaviors (Table 
5) and of interactions between animals from different pens, 
although there was some increase in the rate of other beha­
viors. That this was due primarily to novel social, rather 
than physical, stimuli is indicated by the fact that the 
control population, which was bridged to a pen containing 
no animals, showed a significantly smaller rise in inter­
action rates on bridge day (p<.01* For the comparison of 
Cl with E1-E2, T=1008, n^=41, n2=54, and for comparing Cl 
with E3-E4, T=1821, n]_=54, n2=57) .
In both bridgings involving experimental populations, 
it appeared that one population "invaded" the other. That 
is, the major part of movement across the bridge consisted 
of many animals from one population going into the other 
population enclosure and attacking animals there. Movement 
did occur in the other direction, but to a lesser extent. 
The general pattern was for one mouse from group B or C to 
first cross over into the new pen,, followed within three 
minutes by two or three other active animals. Within 10
31
Table 10. Comparison of percent mature (with 
open vagina) females between 
populations before bridging 
(df=l for all comparisons)
2
Comparisons (X )
Population % mature females Cl El E2 E3 E4
Cl 7.14 0 0.55 0 3.16
p<.995 p<.5 p<.995 p<.l
El 8.33 0.23 0 2.93
p<.9 p<.995 p<.l
E2 11.1 0.23 1.05
p < .9 p<.5
E3 7.69 2.92
p<.l
E4 16.7
32
Figure 2. Effect of bridging on rate of interaction.
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minutes all classes of mice were moving back and forth 
across the bridge? however, the animals which had been 
dominant in the original populations did not investigate 
the new pens until at least two hours after the bridges had 
been opened. In Figure 3, one can see that in the E1-E2 
bridging, El was the invading population. The majority of 
aggressive behaviors, significant at p<.05 by the Mann- 
Whitney U test (T=222, n^=14, n2=27), which occurred on the 
day of bridging were initiated by El animals in the E2 pen.
In the E3-E4 bridging, E3 was the invading population, and 
most (p<c05, T=652, n^=27, n2=30) attacks were initiated 
by E3 animals in the E4 pen. In the control population, 
behaviors which occurred on the day of bridging were mainly 
investigative, just as they were before bridging.
By the end of the dim light phase on the first day of 
bridging, the rate of interaction in the experimental pop­
ulations was dropping (Table 11), and after a few days ag­
gressive behaviors were very rare, as they had been before 
bridging. A very definite change in social order took place 
rapidly after bridging, during the period of increased inter­
action rate. In both cases, an animal which had not previ­
ously been dominant in either population became dominant in 
the combined group, and in both instances the new dominant, 
as shown by the A/S ratio, was originally a member of the 
invading population and was the first male animal to move 
across the bridge (Tables 1 & 5). There was a marked change
35
Figure 3. Location of aggressive interactions on day of 
bridging.
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Table 11. Decrease in activity rate by end of 
first day of bridging 
(n = number of animals)
Population E1-E2
(n=41)
E3-E4
(n=57)
Cl
(n=54)
Average interactions/ 
animal during first 
hour after bridge 
was opened 
(X+SE)
3.421+
0.7111
2.810+
0.6754
0.367+
0.0572
Average interactions/ 
animal during last 
hour of observation 
on day of bridging 
(X+SE)
0.932+
0.0823
0.735+
0.0601
0.069+ 
0.0034
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in the A/S ratios of dominant animals, as shown in Table 12. 
In the E1-E2 bridging, animal number L25 from population El 
became the dominant after bridging. This mouse had been 
classified as a member of group C before bridging. Number 
L2, the dominant in El before bridging, became a group C 
animal after bridging, and number Rll, the dominant in E2 
before bridging, became a member of group D. Three members 
of former population E2 became classified as group E animals 
after bridging. Two of these had previously been in group 
B and one in group C (Table 6). In the E3-E4 bridging, 
number L2, which had been a group B mouse in population E3 
before bridging, became the new dominant. Animal number 
L24, former dominant in E3, moved to group B, and number 
R21, former dominant in E4, moved to group C. Of the three 
animals which formed group E after bridging, all had been 
members of population E4 before bridging. One had been in 
group B, one in group C, and one in group D (Table 6). No 
animals from the invaded populations were ranked any higher 
than group C after bridging (Table 6). No territorial de­
fense was seen during bridging. No social re-organization 
occurred in the control population following bridging. How­
ever, the dominant in Cl did become slightly more aggressive 
for a short time following bridging (Table 5).
Checks made on the populations during the bright phase 
of the light cycle, while the animals were sleeping, showed 
that many of the animals took up residence in the newly
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bridged, or "alien" enclosure. Figure 4 shows the propor­
tion of animals found in the alien pen on the first location 
check after bridging. The percentages are higher for the 
invading populations. A chi-square analysis was done on 
the location of animals to determine if they differed sig­
nificantly from a 50-50 distribution. In populations El 
and E3, the invading populations, the distribution was not 
significantly different from chance (p<.9, X -.037, df =26 
for El; p<.l, X^=3.57, df=29 for E3). In the invaded 
populations and the control the distribution was highly 
significantly different from chance (p<.005, X— 10.3, df=13 
for E2; p<.005, X2=9.85, df=26 for E4; p<.005, X2=54, df=
53 for Cl). At the first inspection after bridging, all 
control animals were found in the new pen. As time passed, 
they became more evenly distributed.
Following bridging, a significant (p<.005) increase in 
the proportion of reproductively mature animals occurred in 
the experimental populations (Table 13). Figure 5 shows 
the increase in maturity in the two resultant experimental 
populations compared to the control, with both sexes com­
bined.
Figure 6 shows the data from the experimental popula­
tions broken down into the component populations, again 
combining both sexes. All populations showed an increase 
in maturity following bridging, but the increase in E2 and 
E4, the invaded populations, was not significant (Table 13).
Figure 4. Location of animals after bridging.
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Figure 5 Change in reproductive maturity (males = testes 
scrotal, females = open vagina) following 
bridging - bridged pairs compared to control.
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Figure 6. Change in reproductive maturity (males = testes
scrotal, females - open vagina) following
bridging - experimental populations compared.
p— (N| CO ^  
UJ UJ UJ UJ
O
CD
o  .£CM
“O
°  §
t/i
>.
o  O cs ~aI
0
1
0
SO
1
o
CO
o
™  <A>
*- o
o c 
E •-
o c^  o
o
o
oCM
48
The increase was signif icant (p<-. 005. for El, p< . 01 for E3) 
in the invading populations.
The data can be further broken down by sex. In Figures 
7 and 8 one can see that the increase in proportion of mature 
animals was generally greater for females, except in El.
Even in E2 and E4 the increase for females was close to sig­
nificance at p<.1 (Table 13). Note that among males, the 
percentage of maturity in E4 was very high before bridging.
Despite the increase in reproductive maturity, no sex­
ual behavior was observed in any of the populations after 
bridging. No young were born in the experimental populations. 
However, one female in the control population did give birth 
to a litter following bridging. That female had an open 
vagina throughout much of the study, and had given birth 
several times before the population had reached asymptote 
(her last litter having been born on 10/25/73, 597 days be­
fore the one born during this study on 6/14/75).
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Figure 7 Change in reproductive maturity (males = testes
scrotal, females = open vagina) following
bridging - males.
% mature 
animals
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Figure 8 Change in reproductive maturity (males = testes
scrotal, females — open vagina) following
bridging - females.
.uO
% mature | 
animals I
DISCUSSION
Behavior is of importance to the regulation of popula­
tion numbers. In many studies on various species it has 
been shown that as a population increases, levels of aggres­
sion tend to rise (Curry-Lindahl, 1962; Krebs, 1970; 
Christian, 1971a). In wild populations such an increase 
in overt aggression appears to lead to a greater rate of 
emigration, primarily of younger, subordinate animals, thus 
reducing population density (Brown, 1953; Curry-Lindahl, 
1962; Sadlier, 1965; Healy, 1967; Krebs, 1970; Armitage, 
1973). As population numbers decrease, aggression declines, 
resulting in a negative feedback control system. Confined 
populations do not have the option of emigration, and the 
density-related increase in aggression has resulted in the 
killing of animals within the population, achieving the 
same result (Brown, 1953; Southwick, 19 55a&b). Some studies 
have demonstrated that a decline in reproduction follows 
such an increase in aggression (Chitty, 1970; Armitage,
1973). This can be viewed as the more energy-conservative 
method of regulation, with aggression acting to reduce 
births, rather than the number of animals already in the 
population. However, recent work by Rose and Gaines (1976)
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indicates that season and reproductive condition may be 
more important variables than density in determining levels 
of aggression in voles, thus aggression may not play a 
major role in regulation.
In laboratory populations of P. m. bairdii, overt ag­
gression plays at most an indirect role in the regulation 
of population numbers. Terman (1974a) reports that aggres­
sive activities occur mainly during the first few days 
after population founding, and in the asymptotic populations 
used in this study, agonistic interactions occurred at a 
very low rate before bridging (Table 5). In his study of 
small, assembled populations of Mus musculus, Nowak (1971) 
recorded a similar decrease in the frequency of fights 
following formation of the populations. Thus it seems that, 
in Peromyscus, aggression is used in setting up a social 
structure which is very stable and which is the direct be­
havioral mechanism of population regulation in this situa­
tion. Apparently, the animals have some means of communi­
cating their social situation, without the use of overt 
attacks or threats. Terman (1974b) has investigated some 
of the cues which may be used in this communication and has 
found that physical contact is of importance, but the spe­
cifics have not been established. However, the individual 
animals within the populations do appear to respond to con­
ditions which are not favorable to further population growth. 
The physiological response of reproductive inhibition is
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probably mediated via a neurologic-endocrine pathway from 
sensory organs to hypothalamus, pituitary, adrenals, and 
goands. Here a negative feedback system also exists, but 
the loop is much shorter, being entirely contained within 
an individual animal.
As well as exhibiting a low frequency of aggression, 
the populations in the present study showed a low rate of 
general activity before bridging (Table 4). As in earlier 
studies of house mice by Lloyd and Christian (19 67) and of 
Peromyscus by Terman (1974a), most of the activity within 
the populations was confined to a few mice. This is not 
what would be expected if increasing social pressure re- 
suited in an increased urge to emigrate. A partial expla­
nation for this general lack of activity may be found in 
the work of Jones and Nowell (1973), who discovered an 
androgen dependent pheromoe in the urine of Mus which dis­
courages investigation of an area marked with it.
It was noted that the two populations with the greatest 
density had the two lowest interaction rates (Table 4), but 
a Pearson correlation coefficient calculated for population 
size versus interaction rate was not significant (r=-.256, 
df=3), although'with such a small sample size it would be 
difficult to show a significant correlation. Among the 
bridged pairs of populations, El animals were more, but not 
significantly more, active than those in E2 (T=512, n^=21, 
n2=27, p<-4, Mann-Whitney U test). E4 mice had significantly
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more interactions/animal/hour than E3 animals (pc.Ol, T=607, 
n^=29, n2=33) . Since the size of population Cl was much 
greater than that of the others, its interaction rate was 
compared with those of the experimental populations. Cl 
animals were significantly less interactive than those in 
El (p<. 05, T=998, n-jj=27, ^=63) and in E4 (pc.01, T~889, n-j_- 
29, n2=63), but were not significantly different from E2 
(p>.2, T=841, n.j = 21, n2=63) or E3 (p>.2, T=2151, n-^-33, n2 ~ 
63) animals in interaction rate. No trends regarding den­
sity and interaction rate were apparent.
The idea that aggression is important in these popula­
tions only during the period of social organization is sup­
ported by the tremendous increase in activity which occurred 
immediately following bridging (Table 5 & Figure 2). A 
very rapid social re-organization appeared to take place at 
this time, as evidenced by the aggressive encounters between 
unfamiliar mice (Figure 3). The new dominants were obvious 
within a few hours and fighting had decreased by the end of 
the first day (Table 11). Nowak (1971) described a similar 
phenomenon after combining two assembled populations of 
Mus consisting of six animals each (three males and three 
females), and after removal of the dominant animal from one 
population (also necessitating a social re-organization).
Nowak (1971) also reported that when two of his popu­
lations were combined there was a tendency for one popula­
tion to dominate the other, that the new dominant animal
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came from the dominant population, and that when the new 
dominant was removed from the combined populations, succes­
sive dominant animals originated in the dominant population. 
Such an "invasion" phenomenon was seen in this study, with 
El and E3 being the invading populations and E2 and E4 
being the invaded populations. Before bridging, El had 
more aggressive encounters per animal per hour than did E2 
(Table 5), but not significantly more by the Mann-Whitney 
U test (T=587, n^=21, n2=27, p<.4). The same is true of E3 
compared to E4, but the difference is significant at p<.01 
(T=626, 11^ =2 9 , n2=33). Perhaps this greater aggressiveness 
was the factor which determined the invader status of El and 
E3„ Certainly the invading populations were more aggres­
sive after the populations were combined. In both bridgings, 
avsignificant (p<.05) majority of aggressive behaviors were 
initiated by members of the invading populations. The in­
vading populations contained a greater number of animals 
which initiated aggressive acts; they also had the animals 
which initiated the greatest number of aggressive acts. It 
is likely that this antagonism between members of the newly 
bridged populations was due to the attempts of individual 
mice *to determine their social positions relative to the 
unfamiliar animals. However, the reasons for the over­
whelming superiority of the invading animals are not appar­
ent. It should also be mentioned that, while an attempt 
was made to bridge two populations of similar size, in
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both bridgings one population had a somewhat greater densi­
ty than the other, although the difference between E3 and 
E4 could be considered negligible (Table 1). In both cases 
the invading population was the one with the higher density. 
The significance of this factor is not clear.
No territoriality was apparent in the populations 
before bridging. Also, no behavior resembling territorial 
defense was observed during the bridging. The invading 
animals moved into the invaded population and attacked its 
members, with a few mice in each invaded population recei­
ving the majority of the attacks. It Is difficult to gen­
eralize about the attacked animals, as they came from all 
ranking groups, but more were from group B than any other 
group (Table 6).
The dominant animal in Cl increased its aggressiveness, 
as reflected in the A/S ratio, on the day of bridging (Table 
5). Perhaps some attempt at social re-organization was 
made during this time of environmental change, but animal 
3 was able to maintain his dominant position.
The invasion phenomenon again is illustrated by the 
percentage of animals sleeping in the alien pen after bridg­
ing (Figure 4), with El and E3 having a higher percentage 
and being randomly distributed. E2 and E4 animals had a 
significant majority which stayed in their home pens, but 
some of these animals also moved into alien pens, indica­
ting a true merger of the two populations.
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It might be expected that animals which exhibited a 
great deal of Ml behavior would be the first to enter the 
new pens, but this was not the case. It had previously 
been hypothesized that these animals might engage in Ml 
behavior in response to thwarted attempts to escape from 
the population, however, the data from this study do not 
support the idea, as these mice did not leave the enclo­
sures as soon as an opportunity existed. A clear inter­
pretation of this type of behavior is thus not available.
Before bridging, the percentage of mature males in a 
population was significantly (except in El) larger than the 
percantage of mature females (Figure 7, Tables 8 & 13).
Since female fecundity is more crucial in the control of 
population growth, one would expect females to be mere 
closely regulated. Bujalska and Gliwicz (1972), in their 
studies of control in island populations of Clethrionomys 
glareolus, found this to be the case. More precise control 
of female reproductive capacity is also indicated by the 
wide variation in percentage of TS males among the popula­
tions (Table 9), as opposed to the lack of variability in 
the proportion of peff females (Table 10). The populations 
in this study contained up to 75% males and at least 7% fe­
males of apparent reproductive capacity, yet the populations 
were all at asymptote; no reproduction occurred for an 
average of 34 8 days and no sexual behavior was observed. 
These figures, especially for the males, are greater than
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those reported by Terman (1965, 1969) for similar popula­
tions. However, the criteria for determining maturity dif­
fer between this study and those of Terman, who used weights 
of reproductive organs, and therefore are not directly com­
parable. This suggests that the commonly used parameters 
of testis position and condition of the vagina may not be 
the best indices of reproductive condition among these ro­
dents. Certainly it is likely that those females which had 
an open vagina were not undergoing normal estrus cycles, 
since no sexual behavior was seen.
Average weights of adrenals and reproductive organs 
for .the populations used in this study are listed in the 
appendix-. No trends of differences between populations 
were seen, and they were not compared to weights of organs 
from mice kept as bisexual pairs.
It was noted above that the proportion of mature fe­
males was not significantly different from that of mature 
males in population El. Also, differences between male and 
female I/R and A/S ratios are much smaller in this popula­
tion than in the other populations in this study. It is 
not clear from the data whether it is a difference in the 
males or the- females which resulted in population El being 
atypical, and this may have no significance other than to 
emphasize the individuality of different populations.
There was a rise in the percentage of mice regarded as 
reproductively mature which accompanied the change in social
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structure following bridging in the experimental populations 
(Figures 5, 6, & 7). This increase in maturity suggests 
that social structure is related to the physiological as­
pects of inhibition and control in populations. The increase 
in maturity for both sexes was significant for the invading 
populations (p<.005 for El, p<,01 for E3, Table 13). The 
change in maturity was not significant for males, and was 
not quite significant (p<.l) for females, in populations 
E2 and E4 (Table 13). It might be argued that a smaller 
increase occurred in these two populations because their 
density increased with bridging, rather than decreased. 
However, if density were the most crucial factor, one would 
expect that population Cl, whose density was halved, would 
show the largest increase in maturity, while in fact it 
showed the smallest. Therefore, it seems that an interpre­
tation from an invader-invaded viewpoint is more appropriate 
than one on the basis of density increase-decrease. E2 and 
E4 were the invaded populations. If reproductive inhibition 
occurs as a result of a physiological response to "social 
pressure" within a population, and if reproductive condition 
can be determined by external indices, it would then seem 
that social pressure was not abated for the animals in 
these populations.
No renewal of population growth took place in the ex­
perimental populations. This is contrary to what would be 
predicted on the basis of the Mus experiments of Petrusewicz
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(1958) and Crowcroft and Rowe (1958). When Crowcroft and 
Rowe allowed an inhibited population to disperse into a 
larger pen, it began to grow rapidly, and Petrusewicz was 
able to induce renewal of population growth simply by mov­
ing his animals to different pens. Studies by Terman (1973,
1976) indicate that 60 days is sufficient time to allow for 
recovery of reproductive function to occur in Peromyscus; 
therefore if these population were going to resume growth, 
it is probable that they would have done so in the time 
allowed. Also, the proportion of mature animals was slowly 
declining in the populations following its rise after bridg­
ing (Figure 6).
The differences between the results of this study and 
those of Petrusewicz (1958) and Crowcroft and Rowe (1958) 
are probably due to the difference in species studied. It 
appears that control of population growth is more efficient­
ly regulated in Peromyscus than in Mus, that is, energy is 
not wasted on producing young when conditions are not con­
ducive to population growth. This conservative strategy 
for exploiting the environment would be more prevalent in 
a relatively more K-selected species, inhabiting climax 
habitats where new areas for colonization are not frequently 
available, as is the case with Peromyscus. In contrast,
Mus inhabits a more disrupted , and therefore more transi­
ent habitat, and would be more r-selected relative to Pero­
myscus , having less reproductive control, and causing more
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individuals to be pushed into new areas (Barash, 1977) . 
However, Barash (1977) states that the cessation of repro­
duction which frequently occurs when K-selected species 
become too crowded is largely due to a rise in aggression.
In this study, aggression did not appear to play a role 
other than in setting up the social order. Again, the de­
gree to which aggression among population members exerts an 
influence on reproductive inhibition may vary from one 
species to another (Lidicker, 19 65), and perhaps from one 
population to another. Also Petrusewicz's experiments in­
volved the actual handling of the animals when moving them 
from one pen to the other, which may have caused some dis­
ruption which was not present in this experiment.
This study has shown that a change in the reproductive 
characteristics of a population can be induced without hav­
ing a decrease in density, and that a decrease in density 
does not necessarily result in a change in reproductive 
characteristics. The proportion of mature animals rose in 
the experimental populations following the bridging procedure, 
and it did not rise in the control population, whose den­
sity was halved. The increase in the percentage of TS and 
perf animals in the experimental populations corresponds 
with an observed disturbance of the social organization of 
the populations. Perhaps it was merely due to a temporary 
relaxation of a possible inhibitory effect imposed by social 
factors within the population. Another possibility is that 
mice entering the enclosure of a strange population were
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influenced by a stimulatory pheromone present in the bed­
ding of the novel population (Terman, 1968, Kipps & Terman,
1977), which caused them to begin to recover reproductive 
function. The facts that the invading populations showed 
the greatest increase in percent of mature animals and that 
the control population showed no increase would give support 
to the latter idea. In any case, reproductive recovery was 
not complete. No reproduction occurred in the experimen­
tal populations. The data suggest that these populations 
reorganized quickly enough that social factors again exer­
ted their inhibitory effects before reproduction occurred.
The production of a litter 49 days after bridging by 
one of the Cl females poses some problems in interpretation. 
At the time the experiment was terminated, two young (14 
days old) were still alive. Usually young which live to 
10 days live to adulthood,so it is probable that the popu­
lation would have grown. Perhaps this birth by one of the 
27 females present was coincidental. The same animals were 
present in this population before and after bridging. It 
is possible, however, that a small organizational change 
(not apparent to the human observer) may have occurred dur­
ing or after bridging and may have somehow influenced that 
particular previously parous female (#28, not a founder) to 
return to reproductive status. The population density did 
decrease by one half after bridging, but such a change did 
not have marked effect on reproduction since only one
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previously parous female reproduced and there was no sig­
nificant increase in the proportion of the population which 
was sexually mature.
The results of this experiment provide support for the 
idea that populations may be social entities distinct from 
one another (Terman, 1973, 1974a, 1976) and that sociobio- 
logical factors intrinsic to each influence the reproduc­
tive characteristics of component animals and the control 
of population growth. Further, these data suggest that 
social organization is more important than population den­
sity in controlling reproduction and population growth.
LIST OF APPENDICES
Appendix Page
A. Average weights of selected organs of
females in populations ......... 67
B. Average weights of selected organs of
males in populations . . .  t . . . . . . . . . .  68
66
67
Appendix A: Average weights of selected
organs of females in populations
Population El E2 E3 E4 Cl
Average body 14.5+.54 14.8HK83 14.34^.49 15,1+^.60 15.9+.41
weight (g) (n=9) (n=7) (n=9) (n=5) (n=20)
Average weight 2.4+. 41 3.6jr. 87 3.6+. 66 3.84^.37 3.3+. 27
of ovaries of (n=8) (n=5) (n=6) (n=5) (n=16)
nonparous fe­
males (mg)
Average weight 5.4+.84 7.14^.95 7.0+.82 6.94^.97 6.8+.89
of uteri of (n=8) (n=5) (n=6) (n=5) (n=16)
nonparous fe­
males (mg)
Average weight 3.0+. 08 4.24^.51 2.64^.36 2.7+. 23 2.7+. 13
of adrenals of (n=7) (n=4) (n=6) (n=5) (n=16)
nonparous fe­
males (mg)
Average weight 3.1+. 12 3.84^.57 2.44^.32 2.74^.23 2.6+. 13
of adrenals of (n=8) (n=5) (n=7) (n=5) (n=19)
all female off­
spring (mg)
NOTE: Adrenals of nonparous E2 females were significantly heavier than
those of nonparous Cl females (p<.01).
Adrenals of all El and E2 female offspring were significantly 
heavier than those of all Cl female offspring (p<.05 for El v. 
Cl, p<.01 for E2 v. Cl).
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Appendix B: Average weights of selected
organs of males in populations
Population El E2 E3 E4 Cl
Average body 16.0+.56 14.9+.45 17.4+.70 16.9+.60 16.5+.45
weight (g) (n=14) (n=5) (n=14) (n=ll) (n=21)
Average weight 28.3_+ 5.6;+ 65.7;+ 103.4+ 2.6j^ , 19
of seminal 11.70 2.47 23.35 29.26
vesicles of (n=13) (n=4) (n=13) (n=9) (n=20)
all male off­
spring (mg)
Average weight 90,8;+ 4 6 . 1 1 9 . 4 +  158.0+^ 64.2+^
of testes of 22.33 12.60 17.67 32,24 15.97
all male off- (ri=13) (n=5) (n=14) (n=10) (n=21)
spring (mg)
Average weight 2.7+^ . 53 3.0HH.61 1.6j^ . 10 2.0+^ . 13 18.0j^
of adrenals of 8.79
all male off- (n=9) (n=5) (n=12) (n=9) (n=19)
spring (mg)
NOTE: Seminal vesicles of E3 animals were significantly heavier than,
those of Cl animals (p<.01).
Testes of E3 and E4 animals were significantly heavier than those 
of Cl animals (p<.01 for both comparisons).
Adrenals of E4 males were significantly heavier than those of 
E3 males (p<.05) and adrenals of E3 males were significantly 
heavier than those of Cl males (p<.01).
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